Separation of concerns and levels of abstraction are key software engineering principles that can help master the increasing complexity of software applications. Aspect-oriented modeling (AOM) and domain-specific modeling languages (DSML) are two important and promising approaches in this context. However, little research is done to investigate the synergy between AOM and DSMLs. In this paper we present an asymmetric approach to compose modularized concerns expressed in different DSMLs with an application base model expressed in a general-purpose modeling language (GPML). This allows to specify each concern in the most appropriate modeling language. We introduce the concept of a concern interface, expressed in a GPML, that serves as a common language between a specific concern and the application base. In addition, we use an explicit composition model to specify the syntactic and the semantic links between entities from the different concerns. We explore these concepts using an application where we modularize the user interface modeled in WebML and the access control specified in XACML. The modularized concerns are then composed with an application base that has been specified in UML.
Introduction
The increasing complexity of software applications requires improved development techniques. The introduction of aspect-oriented modeling (AOM) and the evolution of domain-specific modeling languages (DSML) are very promising in this context. AOM [1] is a recent development paradigm that aims at providing support for separation of concerns at higher levels of abstraction by using Model-Driven Engineering (MDE) techniques [2] . The main goal of AOM approaches is to enable both vertical and horizontal separation of concerns [3] .
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In order to specify each concern, we have the possibility of using either a general purpose modeling language (GPML), such as the UML, or a DSML. Most of the current AOM approaches [4, 5, 6, 7, 8, 9] use UML along with its extension mechanisms for expressing all concerns. However, DSMLs can potentially improve the current AOM methods for specifying concern models since the developer can use an optimal DSML for each of the concerns involved.
In this paper we analyze the problem of concern compositions when these are expressed in different DSMLs. We present a pragmatic AOM approach based on existing MDE building blocks and on the concept of a concern interface that we introduce. This approach allows the composition of a base concern expressed in a GPML with concerns specified in DSMLs, which do not necessarily conform to the same metametamodel. We explore these ideas on a case study that modularizes two concern types: an essential part of security, i.e., access control expressed in XACML [10], and a web-based user interface expressed in WebML [11] . We further provide support for code generation towards an AO platform.
The paper is structured as follows. In section 2 we sketch the problem statement in detail. In section 3 we describe our asymmetric framework for modularizing and composing reusable concerns expressed in DSMLs. In section 4 we demonstrate a sample use of this framework for two different concern types and illustrate the concepts on a case study. In section 5 we evaluate our approach and discuss the possible alternative solutions. We present the related work in section 6. Finally, we conclude and give insights on our future work.
Problem Statement
Concerns are an important motivation for organizing and decomposing software into manageable and comprehensible parts [12] . We use the term concern to uniformly refer to what AOSD practitioners often call an aspect concern and a base concern [13]. The base concern typically represents the functional backbone of a given application, whereas different aspect concerns represent functional and non-functional modules that augment the core. In addition, we define the term concern type to refer to a certain concern domain, such as access control, user interface, transactions, etc.
Introduction
Modularity and abstraction are fundamental principles of any Aspect Oriented Software Development approach [14] . Both concepts are central in the current state-of-the-art AOM approaches [4, 5, 6, 7, 8, 9] . These approaches provide techniques to decompose a system by separating concerns into modules. In addition, they provide adequate means to model each concern on a high abstraction level and then refine it all the way to the implementation.
However, most of the current AOM approaches are based on the use of a GPML, i.e., UML with its extension mechanisms [15] . Even though UML is a well-known modeling language and can be used to specify almost any software system, it is not optimal and may lead to cumbersome and hardly usable models
